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INTRODUCTION 


Surgery  of  the  urinary  tract  has  always  been  considered 
dangerous.  One  of  the  first  cases  of  kidney  stone  removal  was 
performed  in  1474  on  a  man  condemmed  to  death.  The  Doctors  of  the 
Faculty  of  Medicine  petitioned  the  King  to  operate  on  the  man  who 
afterwards  lived  many  years.^ 

Progress  in  ureteral  surgery  was  particularly  slow  because  of 

the  success  of  nephrectomy.  This  was  first  performed  by  Gustav 

Simon  of  Heidelberg  in  1869  for  complete  traumatic  section  of  one 
2 

ureter.  Sir  John  Simon  on  July  5,  1851?  in  a  case  of  extrophy  of 
the  urinary  bladder,  performed  one  of  the  earliest  transplantations 
of  a  ureter  to  the  large  bowel  by  establishing  a  long  fistulous  tract 
between  these  two  structures.  The  patient  died  one  year  later  from 
"pelvic  peritonitis  and  kidney  and  ureteral  disease."  The  autopsy 
showed  calculi  in  both  ureters.^  Most  surgeons  preferred  direct  end- 
to-end  anastomosis  of  severed  ureters;  by  1900  twelve  end-to-end 
anastomosis  had  been  performed.  Ureterocystostomy  was  first 
performed  by  Tuffier^  in  1877,  who,  after  accidentally  severing  the 
ureter,  transplanted  the  proximal  divided  end  to  the  bladder.  By  1900 
ureterocystostomy  had  been  performed  eighty  times .  Ureteral  fistulas 
following  parturition  and  pelvic  surgery  were  the  leading  causes  of 
ureteral  surgery. 

In  1936  Hinman  and  Weyrauch^  reviewed  the  different  principles 
of  surgery  connected  with  uretero-intestinal  implantation.  They 
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grouped  all  methods  of  ureteral  diversion  in  the  following 
classification: 

I.  Non-intestinal 

A.  To  the  skin 

B.  To  other  structures 

1 .  urethra 

2 .  vagina 

3.  fallopian  tubes 

4 .  uterus 

5.  blood  vessels 

6.  meninges  of  spinal  chord 
II.  Intestinal 

A.  Into  an  excluded  portion  of  the  tract 

1.  completely  excluded  portion 

2 .  partially  excluded  portion 

B.  Into  the  intact  tract 

Skin  implantation  was  first  performed  by  Pozzi^  in  1891. 
Nephrectomy  was  later  required.  The  ureterostomy  as  we  know  it 
today  was  first  done  in  1897  by  Harrison.^  By  1900  cutaneous 
ureterostomy  had  been  performed  ten  times.  It  was  soon  observed 
that  stenosis  at  the  anastomosis  and  infection  often  required 
nephrectomy. 

O 

Marshall0  said,  "if  the  ureters  are  transplanted  to  the  bowel 
above  a  normal  anal  sphincter, the  patient  does  not  need  apparatus,  is 
socially  acceptable,  and  except  for  the  necessity  of  sitting  to 
urinate,  which  half  the  population  does  naturally,  appears  outwardly 
normal."  Diversion  of  the  fecal  stream  to  diminish  ascending 
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infection  eventually  leads  to  transplantation  of  the  ureters  into  a 
completely  excluded  portion  of  the  intestine .  The  following  methods 

9 

are  listed  by  Hinman  and  Weyrauch  for  implantation  of  the  ureters 
into  a  completely  excluded  portion  of  the  intestinal  tract: 

A.  An  artificial  bladder  made  from  the  small  gut 

1.  Placed  under  control  of  the  vesicle  sphincter 
(experimental  only)  (Tizzoni  and  Foggi,  1888) 

2.  With  the  end  brought  out  through  the  anal 
sphincter  (Cuneo,  19H) 

B.  An  artifical  bladder  made  from  the  entire  rectum 

1.  Iliac  sigmoidostomy  (Mauclaire,  1894) 

2.  With  the  sigmoid  drawn  through  the  anal  sphincter 
(Gersuny,  1898) 

3.  With  the  excluded  rectum  made  to  communicate  with  the 
urethra  for  control  by  the  sphincter  (Lemoine,  1912) 

C.  An  artificial  bladder  made  from  a  pouch  of  the  anterior 
rectum  (experimental  only)  (Lotheisen,  1899) 

D.  An  artifical  bladder  made  from  the  ileocecal  region,  the 
appendix  serving  as  a  urethra  (Verhoogen,  1908) 

Implantation  of  the  ureters  into  a  partially  excluded  portion 
of  the  intestinal  tract. 

A.  A  blind  pouch  of  the  lower  ileum  emptying  into: 

1.  The  ileum  (experimental  only)  (Nagano,  1901) 

2.  The  cecum  (Goldenberg,  1904) 

3.  The  transverse  colon  (Moskowicz,  1909) 

4.  The  sigmoid  (Berg,  1907) 
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B.  A  blind  pouch  of  short-circuited  loop  of  the  sigmoid 
(Borelius-Berglund,  1903) 

C.  A  blind  pouch  of  the  sigmoid  emptying  into: 

1.  The  lower  sigmoid  (Muller,  1903) 

2.  The  rectum  (Muscatello,  1904) 

D.  A  blind  pouch  of  the  upper  rectum  (experimental  only) 

(Des comps,  1909) 

The  methods  of  ureteral  implantation  into  the  intact  tract  are 
best  listed  according  to  principles .  The  very  fact  that  there  are 
numerous  methods  will  give  some  idea  of  the  complicated  problem. 
Hinman  and  Weyrauch'*"^  listed  the  various  principles,  discussed  them, 
and  analyzed  the  operative  cases  which  had  been  reported. 

1.  The  formation  of  a  fistulous  tract  (1851) 

2.  The  direct  anastomosis  of  ureter  and  bowel  (1878) 

3.  The  muscularizing  principle 

(a)  To  prevent  leakage  (l886) 

(b)  Stripping  action  (1899) 

4.  The  preservation  of  the  ureterovesical  orifice  (1892) 

5 .  The  temporary  diversion  of  urine  until  healing  has 
occurred  (1892) 

6.  The  use  of  a  flap  to  act  as  a  valve  (1895) 

7.  The  use  of  mechanical  devices  (1895) 

8.  Implantation  into  structures  which  open  normally  into  the 
gastro-intestinal  tract  (19OO) 

9.  The  submucosal  principle  (valve  action)  (19IO) 

10.  Temporary  colostomy  (1915) 

11.  The  use  of  the  intact  ureter  (1931) 
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The  extremely  poor  results  of  early  ureteral  transplantation  to 
intact  intestine  were  largely  due  to  the  size  of  the  ureters  and  to 
lack  of  asepis.  The  results  were  best  summarized  by  Thomas  Smith  in 
1879^"  when  he  said,  "Setting  aside  all  difficulties  that  have  to  be 
overcome  and  the  immediate  risks  of  the  operation,  it  would  appear 
that  a  permanent  and  direct  communication  between  the  ureter  and  the 
bowel  is  of  itself  a  fateful  lesion." 

Much  experimental  work  was  done  by  Franklin  Martin,  Robert 

Coffey,  Charles  H.  Mayo,  W.  E.  Lower,  George  R.  Fowler  and  George 
12 

Peters.  Coffey  described  his  work  before  the  American  Medical 
Association  in  19IO  which  employed  a  ureteral  catheter  to  bypass  the 
anastomotic  site  until  healing  occurred.  Charles  Mayo  applied  this 
principle  to  humans. 

Probably  due  to  the  fact  that  it  is  desirable  to  have  some  type 
of  spincter  control  of  urination,  work  continued  on  the  direct 
method  of  implantation  despite  several  disadvantages.  Accurate 
approximation  of  the  mucosa  was  difficult  without  producing 
contamination  which  produced  stenosis  and  urinary  obstruction. 

Edema  from  sutures  resulted  in  temporary  urinary  shut  down.  High 
pressure  in  the  colon  as  compared  with  the  urinary  system  could 
produce  mild  hydronephrosis.  Ascending  urinary  tract  infections 
from  constant  contamination  causing  pyelonephritis  were  common. 

The  greatest  drawback,  however,  was  peritonitis  resulting  from 
leakage  after  operation  because  closure  at  the  site  of  implantation 
was  imperfect,  because  one  or  more  sutures  perforated  the  bowel  or 
ureter  or  tore  out  at  the  site  of  implant,  or  because  a  local 
necrosis  of  the  bowel  or  ureter  occurred  by  reason  of  interference 
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with  the  blood  supply.  It  is  a  well  known  surgical  fact  that 
peritonitis  seldom,  if  ever,  results  from  contamination  at  the  time 
of  operation;  however,  a  continuous  leak  will  overwhelm  the 
bactericidal  powers  of  the  peritoneum. 

By  1936  approximately  sixty  surgical  techniques  had  been 
published  by  fifty  surgeons.  Seven  hundred  and  forty  patients  with 
uretero-intestinal  anastomosis  contributed  to  an  operative  mortality 
of  30 °]o.  The  muscularizing  principle  was  applied  to  13 6  with  mortality 
of  27.9 %,  the  preservation  of  ureteral  orifice  was  used  in  203  with 
mortality  of  27.6%,  and  the  submucosal  principle  was  used  in  259  with 
mortality  30.1%.  ^ 

During  the  next  fifteen  years  uretero-sigmoidostomy  continued  to 

14 

be  the  operation  of  choice  for  permanent  urinary  diversion.  Leadbetter 

in  1951  described  a  principle  combining  the  tunnel  principle  with  an 

15 

elliptical  end-to-side  anastomosis.  Morris  and  Keggi  reported  on  a 
principle  described  by  Mathisen  in  1953.  He  had  noted  that  the  ureter 
of  birds  entered  the  cloaca  in  the  form  of  a  nipple  and  reasoned  that 
this  arrangement  might  prevent  reflux.  Cine  radiographic  studies 
demonstrated  occasional  reflux  at  low  colonic  pressure. 

Bricker^  in  1950  described  the  use  of  an  "ileal  conduit"  to 
replace  the  uretero- cutaneous  anastomosis.  The  advantages  included 
the  rich  vascular  supply  of  the  small  intestine,  mobility,  peristaltic 
activity,  and  a  decreased  incidence  of  stenosis  at  cutaneous 
anastomosis.  Also  the  lower  intraluminal  pressure  in  the  small 
intestine,  as  compared  to  the  colon,  would  eliminate  increased 
urinary  tract  pressure.  The  disadvantages  included  the  necessity  for 
a  collection  apparatus  and  continued  absorptive  function  of  bowel. 
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It  was  soon  learned  that  if  a  segment  of  bowel  less  than  25  cm.  was 

used  the  electrolyte  imbalance  was  avoided. 

17 

In  1957  Turnbull  and  Higgins  described  an  operation  that  is  a 

combination  of  a  Coffey  method  and  Bricker’s  operation.  By  making  the 

ileostomy  into  the  sigmoid,  rather  than  the  skin,  the  disadvantages  of 

both  methods  will  be  overcome  while  preserving  their  advantages .  The 

end  of  the  ileum  was  nipple-shaped  and  inserted  into  the  sigmoid  so  as 

to  produce  a  valve-like  effect  to  prevent  regurgitation  of  sigmoid 

contents  into  the  isolated  loop  of  ileum.  Regurgitation  was  also 

prevented  by  anastomosing  the  loop  of  ileum  isoperistaltically  with 
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the  sigmoid.  H.C.E.M.  Houtappel  reported  in  1963^  a  series  of 
twelve  patients  using  the  ureteroileosigmoidostomy.  One  patient  had 
several  episodes  of  ascending  infection.  The  length  of  the  nipple 
seems  to  be  very  critical  for  if  too  long,  poor  blood  supply  will 
cause  necrosis  and  if  too  short,  regurgitation  will  occur. 

Today, common  conditions  for  which  urinary  diversion  is  employed 
are  the  following: 

1.  Exstrophy  of  the  bladder 

2.  Inoperable  vesico-vaginal  fistulas 

3.  Intractable  interstitial  cystitis 

4.  Advanced  vesical  tuberculosis 

5.  Crushing  injuries  to  the  pelvis  with  extensive  destruction 
of  the  urethra 

6.  Extensive  scarring  of  the  pelvic  ureters  due  to  prior 
surgery  or  radiation 

7.  Cystectomy  for  carcinoma  of  the  bladder  or  urethra 
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8.  Pelvic  eviseration  for  extensive  carcinoma  of  the 
pelvic  organs 

The  present  study  will  include  the  development  of  a  technique  of 
ureterioleosigmoidostomy.  The  method  of  diversion,  into  the  intact 
colon,  was  felt  to  be  superior  due  to  preservation  of  voluntary 
control.  The  problems  of  uretero- sigmoid  anastomosis  as  discussed 
earlier  can  be  avoided  by  the  simple  end-to-side  anastomosis  of  ileum 
to  colon.  If  a  method  to  prevent  reflux  of  colonic  material  into  the 
ileal  loop  is  devised,  then  a  simple  anastomosis  between  the  small 
ureters  can  be  performed  without  fear  of  edema  from  over  manipulation 
at  the  anastomosis  or  fear  of  stenosis  from  contamination. 

To  prevent  reflux  two  devices  were  used.  First,  the  isoperistaltic 
anastomosis  of  ileum  to  colon  used  by  Turnbull  and  Higgins  was  employed. 
Secondly,  Partipilo’s  method  of  forming  a  Spivack  valve  was  used  to 
create  a  barrier  in  the  ileal  loop  near  the  anastomosis  to  the  colon. 

The  Spivack  valvular  modification  of  the  Jane way- Depage  tubular 
gastrostomy  has  been  used  very  successfully  in  preventing  reflux  of 
stomach  contents  through  a  gastrostomy  site. 

The  kidney,  ureteral,  ileal  loop,  Spivack  valve  function  was 
followed  with  cine  and  plain  intravenous  pyelograms.  The  anti-reflux 
action  of  the  Spivack  valve  was  studied  using  cine  barium  enemas. 

Serum  electrolytes  were  followed  to  detect  imbalance. 
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TECHNIQUE 

Since  this  study  was  to  develop  a  surgical  technique,  there 
were  variations  in  each  operation.  In  all,  six  mongrel  dogs  and  one 
stump- tailed  monkey  were  operated  upon.  Changes  in  each  procedure 
will  be  discussed  separately. 

Preoperative  Preparation 

The  intestinal  tract  was  prepared  for  surgery  by  catharsis  and 
diet.  The  afternoon  before  surgery  the  animals  were  given  1  oz.  of 
magnesium  sulfate  in  8  oz.  of  water  by  a  stomach  tube.  From  that 
point  animals  were  allowed  only  water  orally.  In  all  but  one  dog, 
both  the  small  and  large  bowel  were  mechanically  clean.  In  retrospect, 
some  method  of  properly  hydrating  the  dogs  with  intravenous  Ringer's 
Lactate  should  have  been  used  since  some  were  quite  dehydrated  when 
preoperative  blood  samples  were  drawn  as  later  data  will  show. 

Anesthesia 

All  animals  were  anesthetized  with  pentobarbital  (Nembutal) 

30  mg/kg.  IV.  Additional  pentobarbital  was  given  as  needed. 

Preparing  the  Ureters 

Through  a  midline  incision  extending  from  the  symphysis  pubis  to 
2-5  cm.  below  xyphoid  process,  the  ureters  were  identified.  Both 
ureters  were  tied  with  silk  and  sectioned  1  cm.  from  uretero-vesical 
junction.  Each  ureter  was  brought  through  the  parietal  peritoneum 


.  fr. 
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into  the  peritoneal  cavity.  In  mobilizing  the  ureters,  as  much 
adventitial  tissue  as  possible  was  kept  in  order  to  retain  vascularity. 
Proximal  mobilization  was  never  greater  than  5  cm.  of  each  ureter. 

In  all  operations  except  the  first,  the  right  ureter  was  led 
medially  through  an  incision  in  the  mesocolon.  This  incision  must  be 
adequate  in  size  and  placed  to  suit  the  individual  in  order  to  prevent 
angulation  of  the  ureter.  In  the  first  operation  this  was  reversed 
simply  because  the  ileal  loop  was  easier  to  place  on  the  right  instead 
of  the  left  as  with  all  others . 

Urine  was  allowed  to  drain  into  the  peritoneal  cavity  from  the 
severed  ureters  as  other  procedures  were  done. 

The  urinary  bladder  was  not  removed. 

Isolation  of  Intestinal  Segment 

In  all  cases  a  segment  of  terminal  ileum  was  isolated  as  near 
10  cm.  in  length  as  convenient.  The  distal  end  of  the  segment  was  as 
close  to  the  cecum  as  convenient  and  the  proximal  end  was  as  close  to 
the  10  cm.  length  as  convenient.  In  both  the  dogs  and  monkey  the 
mesentery  was  translucent  and  the  mesenteric  arteries  were  easily 
visible.  Incisions  in  the  mesentery  were  midway  between  arteries  and 
continued  to  the  loop*s  pedicle  as  close  as  possible  without  jeopardiz¬ 
ing  the  vascularity.  The  mesenteric  arteries  were  tied  with  3-0  silk 
and  sectioned  at  a  point  where  the  arcade  was  nearest  the  intestine. 

Two  rubber-shod  intestinal  clamps  were  placed  at  each  end  of  the 
segment  with  the  attachment  of  the  mesentery  to  the  intestine, 
between  the  bite  of  the  clamp.  The  clamps  were  placed  obliquely  so 
that  the  tip  of  each  pointed  to  the  pedicle  of  the  intestinal  segment. 
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This  is  important  for  later  anastomosis.  Incisions  were  made  between 
the  clamps,  and  the  loop  was  isolated. 

End-to-End  Anastomosis  (See  figures  #1  and  #2,  pages  37  and  38  of  Appendix) 

The  continuity  of  the  small  bowel  was  re-established  by  an 
end-to-end  anastomosis.  First,  a  mucosa- to -mucosa  anastomosis  was  done 
by  a  continuous  Connell  suture  using  4-0  chromic  catgut  on  an 
atraumatic  needle.  Then  a  reinforcing  row  of  interrupted  Lembert 
sutures  were  placed  using  4-0  silk  on  an  atraumatic  needle.  Due  to 
the  small  size  of  the  intestine,  care  was  taken  to  avoid  turning  in 
too  much  of  the  free  edges . 

The  mesenteric  incision  was  closed  by  placing  3-5  interrupted 
silk  sutures.  Care  was  taken  to  place  the  sutures  as  superficially  on 
the  peritoneum  as  possible  so  the  blood  supply  of  the  intestinal  segment 
and  anastomosis  was  not  impaired.  It  is  necessary  to  close  the  mesen¬ 
teric  incision  to  prevent  loops  of  intestine  from  passing  through  and 
possibly  becoming  obstructed. 

In  the  first  dog  the  next  step  was  the  end-to-side  anastomosis 
of  the  ileal  loop  to  the  colon.  It  was  soon  evident  that  the  ureters 
were  easier  to  unite  while  the  bowel  was  mobile.  In  all  six  first 
operations,  190  polyethylene  tubing  was  placed  in  the  ureters  to  act 
as  temporary  catheters.  The  catheters  were  passed  to  the  renal  pelvis 
and  fixed  in  place  using  5-0  chromic  catgut  at  the  distal  end  of  the 
ureters .  These  catheters  were  then  brought  out  through  a  temporary 
ileostomy  of  the  proximal  end  of  the  ileal  loop.  This  step  was  felt 
necessary  to  (l)  avoid  temporary  urinary  shutdown  secondary  to 
obstruction  at  the  uretero- ileum  anastomosis  from  edema  (2)  collect 


12 


urine  samples  postoperatively  to  evaluate  postoperative  care.  Based 
on  several  more  important  reasons,  it  is  now  felt  that  these  catheters 
should  not  he  used:  (l)  using  a  method  of  ureteral  transplantation  by 
Beaver  and  Mann  (which  will  be  described  later),  trauma  at  the 
anastomotic  site  is  minimal,  (2)  technically,  the  catheters  are 
difficult  to  keep  properly  placed  postoperatively  using  animals 
which  like  to  bite  and  lick  around  their  wounds,  (3)  Anuria  or 
oliguria  after  bilateral  ureteral  catheterization  is  a  serious 
complication  due  to  bullous  edema  and  ecchymosis  of  the  ureters.  This 
was  described  by  Kaufman  et  al  in  1966.^ 

Ureteral-Intestinal  Anastomosis 

20 

A  method  of  ureteral  transplantation,  described  by  Houtappel, 
was  used  in  the  first  two  operations.  (See  figure  #3,  page  39 of 
Appendix) .  This  involves  making  a  longitudinal  incision  in  the  loop 
about  3  cm.  long  opposite  where  the  ureters  are  to  be  placed.  With 
fine  forceps  the  wall  of  the  gut  is  bored  through  close  to  the 
mesentery,  and  the  ureters  are  pulled  through  those  holes.  With  four 
k-0  atraumatic  silk  sutures,  a  seromuscularis-seromuscularis  suture 
is  made.  The  ureters  are  shortened  as  much  as  necessary,  and  mucosa- 
mucosa  sutures  are  placed  as  far  from  the  ileum- colon  anastomosis  as 
possible.  The  incision  in  the  intestine  is  closed  with  atraumatic  3-0 
silk  using  a  continuous  Connell  suture. 

The  ideal  features  of  an  ureteral  transplant  are:  (l)  no  leakage, 

(2)  resistance  to  future  stenosis,  (3)  ease  of  operative  technique, 

(4)  no  tension.  The  experimental  transplant  technique,  described  by 
21 

Markowitz  et  al  after  a  paper  by  Beaver  and  Mann,  seemed  to  best  fit 
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these  points  especially  when  considering  the  small  size  of  dog  and 
monkey  ureters.  (See  figures  #4  and  #5,  pages  39  and  40  of  Appendix). 

The  essential  parts  of  this  technique  were  as  follows.  Two 
atraumatic  5-0  catgut  sutures  were  passed  through  the  end  of  the  duct, 
and  the  duct  was  cut  longitudinally  1  cm.  between  these  traction 
sutures  which  were  left  with  the  needles  attached.  A  stab  wound  was 
then  made  with  a  furunculotome  knife  between  two  previously  placed 
atraumatic  4-0  chromic  catgut  Lembert  sutures.  The  two  needles  on 
the  prepared  duct  were  passed  through  the  stab  wound  into  the  lumen 
and  out  again  at  points  1  cm.  apart  and  opposite  the  wound.  Traction 
on  these  draws  the  ducts  into  the  lumen,  and  when  they  are  tied,  the 
duct  is  firmly  held  in  place.  The  Lembert  sutures  were  now  tied  thus 
inverting  the  mucosa  and  sealing  off  the  lumen  of  the  gut.  Additional 
reinforcing  4-0  atraumatic  interrupted  silk  sutures  were  placed 
between  seromuscular is  and  seromuscular is . 

Temporary  Ileostomy 

A  temporary  ileostomy  was  made  from  the  proximal  end  of  the  ileal 
loop  brought  out  through  a  convenient  opening  in  the  abdominal  wall. 

A  #14  Foley  catheter  with  a  5  cc.  balloon  was  inflated.  A.  purse-string 
suture  was  tightened  around  the  balloon  and  additional  inverting  Lembert 
sutures  of  2-0  silk  were  placed.  The  Foley  catheter  (and  ureteral 
catheters  when  present)  was  brought  through  an  abdominal  stab  wound. 

Four  or  five  interrupted  1-0  silk  sutures  were  placed  through  the 
seromuscular  layer  of  intestine  into  the  inside  abdominal  wall  to 
secure  the  proximal  end  of  the  loop. 
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The  ileostomy  was  used  as  a  temporary  drainage  of  any  fluid, 
urine,  or  otherwise,  which  might  collect  in  the  loop  and  was  not 
expelled  due  to  edematous  anastomotic  sites  or  postoperative  ileus. 

Spivack  Valve  (See  figure  #6,  page  40  of  Appendix) 

One  of  the  essential  points  in  developing  the  ureteroileosigmoid- 

ostomy  was  the  creation  of  a  valve  to  prevent  reflux  of  colonic 

material  into  the  ileal  loop.  The  valve  was  Partipilo’s  method  of 

forming  a  Spivack  valve  which  was  originally  a  modification  of  the 

33 

Janeway-Depage  Tubular  gastrostomy. 

The  location  for  the  valve  was  based  on  placing  it  as  close  to 
the  distal  end  of  the  loop  as  possible  while  retaining  enough  ileum 
to  complete  the  ileum-colon  anastomosis.  Six  to  ten  interrupted 
Lembert  stitches  were  made  with  the  plane  of  the  stitch  parallel  to 
the  long  axis  of  the  loop.  These  stitches  were  continued  around  the 
entire  ileum  using  atraumatic  3-0  silk  suture.  The  ileum  that  was 
inverted  by  the  Lembert  stitch  was  forming  the  valve.  Therefore,  the 
distance  between  the  two  bites  of  the  stitch  determined  the  size  of 
the  valve . 

The  size  of  the  valve  was  gradually  increased  from  the  first 
operation  when  the  distance  between  the  bites  was  1  cm.  to  the  last 
operation  when  the  distance  was  2.5  cm. 

Ileal  Loop  -  Colon  Anastomosis  (See  figure  #7,  page  4l  of  Appendix) 

The  point  of  attachment  for  the  loop  to  the  colon  was  placed  as 
far  dis tally  on  the  colon  as  possible,  leaving  space  to  perform  a  good 
anastomosis.  A  longitudinal  incision  was  made  in  the  colon  the  same 
size  as  the  ileum.  A  mucosa-mucosa  suture  was  made  using  atraumatic 
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4-0  chromic  catgut  with  a  continuous  Connell  suture.  A  reinforcing 
row  of  interrupted  Lembert  sutures  using  4-0  atraumatic  silk  was  placed. 

Securing  of  Ileal  Loop  (See  figure  #8,  page  4l  of  Appendix) 

The  ureter- ileal  loop- colon  complex  was  attached  to  the  posterior 
parietal  peritoneum  by  interrupted  stitches  with  3-0  silk.  This  was 
done  to  prevent  small  intestine  from  sliding  under  the  loop  and 
becoming  obstructed. 

Closing 

The  abdominal  wound  was  closed  in  layers.  First,  the  peritoneum 
was  closed  with  a  continuous  suture  of  3-0  chromic  catgut.  Next,  the 
wide  fascial  sheet  between  the  rectus  muscles  in  the  midline  made 
possible  a  strong  closure  if  the  opening  incision  was  midline.  This 
was  closed  with  0  chromic  catgut  on  a  cutting  needles  and  interrupted 
sutures.  A  continuous  subcutaneous  suture  was  placed  using  3-0  chromic 
catgut.  The  skin  was  closed  with  interrupted  mattress  sutures  with 
3-0  silk.  No  dressing  was  applied. 

Postoperative  Care 

The  animals  were  kept  NP0  until  normal  peristaltic  action 

returned.  They  were  maintained  on  Ringer's  lactate  in  the  amount  of 

1,000  ml.  per  square  meter  per  24  hours  for  the  operative  day,  adding 

22 

250  ml.  per  square  meter  af terwards .  The  fluid  administration  was 

divided  in  four  intravenous  feedings  per  day  with  a  fifth  feeding  given 
by  neck  subcutaneous  infusion  to  last  during  the  night.  Daily  weights 
and  frequent  serum  electrolytes  were  used  to  monitor  fluid  therapy. 
Prophylactic  Penicillin  G,  1  million  units,  and  streptomycin  sulfate, 

0.5  gm.  were  given  intramuscularly  daily  for  five  days  postoperatively . 
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As  soon  as  peristaltic  activity  resumed,  the  animals  were  offered 
both  liquid  and  solid  foods.  Force  feeding  was  often  necessary  using 
a  stomach  tube. 

It  was  planned  to  remove  the  ureteral  catheters  six  to  seven  days 
postoperatively  and  ileostomy  catheter  when  there  was  no  retention  of 
urine  in  the  loop.  These  catheters  all  were  removed  by  the  animals 
before  these  maximums  were  reached. 

Metabolic  Disturbances 

To  determine  the  effects  of  ureteroileosigmoidostomy,  frequent 
serum  electrolytes,  BUN,  osmolarity,  and  hematocrit  were  taken. 

Renal  Function 

The  plan  was  to  obtain  intravenous  pyelograms  two  to  three  weeks 
postoperatively  and  repeat  these  several  months  later. 

The  animals  were  fasted  the  day  before  and  NPO  after  midnight 
before  the  X-ray  examination.  The  animals  were  anesthetized  with 
30  mg.  of  pentobarbital  (Nembutal) /kg.  I.V.  Meglumine  diatrizoate 
(Renographin)  was  given  by  continuous  intravenous  drip  in  the  amount 
of  20  cc.  per  hour.  Still  plates  of  the  IVP  were  taken  to  determine 
renal  function.  Cineradiographic  examinations  were  made  with  a  Phillips 
image  intensifier  and  a  16  millimeter  camera.  This  was  done  to  record 
the  dynamics  of  the  ureters,  ileal  loop,  valve,  and  colon. 

Spivack  Valvular  Function 

To  determine  how  effectively  the  Spivack  valve  prevented 
regurgitation  of  colonic  material  into  the  ileal  loop,  the  colon  was 
filled  with  barium,  and  results  were  again  recorded  with  both  regular 


and  cine  IVP. 
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A  #22  Foley  catheter  was  inserted  to  the  splenic  flexure  of  the 
colon,  and  the  balloon  was  expanded.  Barium  was  allowed  to  fill  the 
transverse  and  ascending  colon.  The  balloon  was  deflated  and  the 
Foley  catheter  removed  as  a  rectal  tube  was  placed.  The  movement  of 
the  barium  past  the  ileal  loop  anastomosis  by  peristalsis  was  recorded. 

This  technique  was  felt  to  more  closely  duplicate  the  normal 
daily  function  and  intracolonic  pressure  than  the  method  used  on  the 
first  dog.  This  consisted  of  simply  infusing  barium  with  a  Foley 
catheter  below  the  anastomosis  in  the  rectum  and  raising  the 
intracolonic  pressure  to  a  valve  equal  to  the  height  of  the  barium 
column. 

Autopsy 

It  was  planned  that  all  animals  were  to  be  autopsied  both  in 
case  of  death  or  after  being  sacrificed.  The  body  of  Dog  #6,  who  was 
being  kept  at  the  animal  farm,  was  accidentally  disposed  of  before 


autopsy. 
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RESULTS 


Hi story  of  Animals 

Dog  #1  (See  graph  #1,  page  49  of  Appendix).  Mongrel  female, 
weight  11  kg.  An  ureterioleosigmoidostomy  was  done  on  July  8,  1966. 

The  dog  was  maintained  on  Ringer's  Lactate  six  days  postoperatively, 
then  took  oral  feedings,  but  had  to  constantly  be  prompted  to  eat. 

On  the  twelfth  postoperative  day  an  intravenous  pyelogram  was  done. 
Intravenous  feedings  again  had  to  be  started  due  to  poor  feeding. 
Ringer’s  Lactate  and  5 %  Dextrose  in  water  were  given.  Supplements  of 
sodium  bicarbonate  and  potassium  chloride  were  added  to  the  5%  Dextrose 
in  water  to  correct  electrolyte  imbalances. 

On  the  twenty- fifth  postoperative  day  the  barium  enema  was  done. 

By  the  twenty-ninth  postoperative  day  the  dog  started  and  continued 
to  feed  orally  but  very  poorly.  The  dog  always  seemed  lethargic  and 
very  thin. 

The  dog  was  sacrificed  on  the  thirty-ninth  postoperative  day.  An 
autopsy  disclosed  focal  peritonitis  with  adhesions  secondary  to  a 
surgical  sponge  found  at  the  upper  pole  of  the  right  kidney.  In 
retrospect,  the  gas  filled  sponge  was  visible  in  all  X-rays.  All 
anastomosis  were  intact  and  without  gross  stenosis.  Grossly  the 
urinary  tract  and  kidneys  were  normal.  Microscopically,  there  were 
microabscess  formations  in  the  spleen  and  the  right  kidney.  Pneumonia 
was  evident  in  both  lungs. 
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Dog  #2  (See  table  #1,  page  48  of  Appendix).  Mongrel  male, 
weight  15.0  kg.  An  ureteroileosigmoidostomy  was  performed  on  July 
22 ,  1966 .  The  dog  was  maintained  on  Ringer  * s  Lactate  for  seven  days 
when  he  died.  An  autopsy  showed  extensive  peritonitis.  The  reason 
for  this  was  found  to  be  a  leak  in  the  end-to-end  small  bowel 
anastomosis . 

Dog  #3  (See  table  #1,  page  48  of  Appendix).  Mongrel  male, 
weight  19.8  kg.  An  ureterioleosigmoidostomy  was  performed  on  July 

26,  1966.  The  dog  was  maintained  on  Ringer’s  Lactate  for  four  days 
when  he  died.  An  autopsy  revealed  gross  peritonitis  with  feces  in 
the  peritoneal  cavity.  Two  leaks  were  found,  one  at  the  right 
ureteral  anastomosis  and  the  second  at  the  anastomosis  of  the  distal 
end  of  the  ileal  loop  to  the  abdominal  wall  forming  the  temporary 
ileostomy. 

Dog  #4  (See  table  #1,  page  48  of  Appendix).  Mongrel  male, 
weight  13.5  kg.  An  ureteroileosigmoidostomy  was  performed  on  July 

27,  1966,  and  the  dog  was  maintained  on  Ringer’s  Lactate  for  two  days 
when  he  died.  An  autopsy  showed  gross  peritonitis  with  fecal  material 
in  the  peritoneal  cavity.  A  leak  was  found  at  the  anastomosis  forming 
the  temporary  ileostomy. 

Dog  #5  (See  graph  #2,  page  50  of  Appendix).  Mongrel  male, 
weight  11.6  kg.  On  August  3,  1966,  an  ureteroileosigmoidostomy  was 
performed .  The  dog  was  maintained  on  Ringer ’ s  Lactate  for  five  days . 

Since  bowel  sounds  were  present  on  the  sixth  day,  oral  feeding  was  started 
The  dog  continued  to  eat  well  and  was  quite  active.  On  the  twentieth 
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postoperative  day  an  intravenous  pyelogram  and  barium  enema  were 
performed.  On  the  fiftieth  postoperative  day  the  dog,  still  appearing 
very  active  and  eating  well,  was  sent  to  a  county  animal  farm 
maintained  by  Yale  University. 

Approximately  four  and  one-half  months  later,  the  dog  was 
returned  to  the  school  and  repeat  intravenous  pyelogram  and  barium 
enema  were  done. 

The  dog  was  sacrificed  approximately  six  and  one-half  months 
postoperatively. 

Monkey  #1  (See  table  #1,  page  48  of  Appendix).  Stump-tailed 
female.  Weight  3.4  kg.  On  August  9>  1966,  an  ureteroileosigmoidostomy 
was  performed.  The  monkey  was  kept  in  a  "monkey-box"  which  allowed 
very  little  movement.  She  was  maintained  on  Ringer’s  Lactate  for  two 
days.  With  bowel  sounds  present  on  the  third  day,  supplement  oral 
feedings  were  started  of  orange  juice  and  10 %  Dextrose  and  water. 

On  the  second  postoperative  day  the  animal  was  able  to 
traumatically  pull  out  the  Foley  catheter  and  bilateral  ureteral 
catheters  with  her  foot.  The  animal's  weight  gradually  increased, 
and  her  abdomen  became  very  distended  and  tympanic  by  the  fourth 
postoperative  day.  Urine  output  stopped  during  the  third  day.  The 
animal  died  early  the  fourth  postoperative  day. 

An  autopsy  revealed  no  leaking  anastomosis  or  signs  of  peritonitis. 
Microscopically,  the  only  abnormal  organs  were  the  lungs  which  were 
conjested,  and  fluid  was  present  in  the  areolar  spaces. 

The  cause  of  death  was  reasoned  to  be  acute  renal  shutdown 
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secondary  to  ureteral  trauma  and  edema. 
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Dog  #6  (See  table  #1,  page  48  of  Appendix).  Mongrel  male. 

Weight  17.2  kg.  On  August  18,  1966,  an  ureterioleosigmoidostomy  was 
performed.  The  animal  was  maintained  for  three  days  on  Ringer's 
Lactate.  On  the  fourth  postoperative  day  bowel  sounds  were  present 
and  oral  feedings  started.  The  animal  did  very  well,  being  active 
and  eating  well.  On  August  23,  1966,  an  intravenous  pyelogram  was 
done,  and  on  the  twentieth  postoperative  day  a  barium  enema  was  done. 

The  animal  continued  to  do  well,  and  on  the  fortieth  post¬ 
operative  day  he  was  sent  to  the  previously  mentioned  animal  farm. 

The  animal  died  approximately  four  months  postoperatively,  and 
due  to  an  unfortunate  error,  the  body  was  discarded  at  the  farm 
without  notice  or  autopsy. 

Radiological  Studies 

(l)  Dog  #1  -  25th  postoperative  day  -  cine  barium  enema.  The 
colon  was  filled  with  barium  through  a  Foley  catheter  placed  in  the 
rectum  below  the  ileal  loop  anastomosis.  For  about  one  minute  there 
was  no  reflux  of  barium  into  the  ileal  loop.  The  barium  container 
was  then  moved  from  a  height  of  two  feet  to  three  feet  above  the  anus. 
At  this  pressure  barium  refluxed  into  the  ileal  loop.  The  Spivack 
valve  was  outlined  by  barium,  appearing  to  be  located  2-2y  cm.  from 
the  loop's  anastomosis  to  the  colon.  The  mucosal  fold  forming  the 
posterior  wall  of  the  valve  was  outlined,  but  the  anterior  fold  was 
absent.  It  was  reasoned  that  the  valve  had  not  been  constructed  large 
enough.  Churning  and  propulsive  peristalsis  was  seen  in  the  ileal 
loop.  Barium  was  later  seen  to  reflux  up  the  right  ureter  to  the 
pelvis  of  the  right  kidney.  Reflux  also  occurred  in  the  left  ureter 
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for  approximately  4-5  cm.  Near  the  end  of  the  film  a  nice  record  is 
seen  of  the  barium  being  expelled  from  the  loop,  through  the  valve, 
through  the  anastomosis,  and  into  the  colon. 

(2)  Dog  -y5  -  20th  postoperative  day  -  cine  intravenous  pyelogram. 
The  right  and  left  pelves  were  filled  with  contrast  material. 
Propulsive  peristalsis  by  both  ureters  was  moving  the  contrast 
material  towards  the  ileal  loop.  The  loop  was  filled  with  contrast 
material,  and  active  propulsive  and  churning  peristalsis  was  seen. 

The  Spivack  valve  was  outlined,  and  an  "apple- core"  image  was 
produced  by  the  narrow  opening  of  the  valve.  Peristalsis  of  the 
ileal  loop  between  the  valve  and  anastomosis  was  seen.  This  length 
of  ileum  was  approximately  2  cm.  long.  The  contrast  material  was 
forced  through  the  colonic  anastomosis,  and  the  colon  gradually 
became  visible  as  time  passed. 

(3)  Dog  #5  -  20th  postoperative  day  -  cine  barium  enema.  A 
Foley  catheter  was  seen  in  the  colon  up  to  the  splenic  flexure  with 
the  balloon  inflated.  The  transverse  and  ascending  colon  were  filled 
with  barium.  The  Foley  catheter  was  removed,  and  the  region  of  the 
ileal  loop  was  observed  while  the  barium  was  passed  along  the  colon 
by  peristalsis.  The  ileal  loop  still  had  some  intravenous  pyelogram 
contrast  material  present;  however,  this  was  easily  distinguished  from 
the  barium.  The  barium  was  seen  passing  by  the  ileal  loop  without 
reflux  into  any  part  of  the  loop.  After  a  short  time,  almost  all  of 
the  barium  had  been  expelled  without  reflux. 

The  procedure  of  filling  the  colon  above  the  ileal  loop 
anastomosis,  removing  the  Foley  catheter,  and  observing  the  path  of 
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the  barium  was  repeated  two  more  times.  Again,  there  was  no  reflux 
into  any  part  of  the  loop. 

The  Foley  catheter  was  then  placed  in  the  rectum  below  the  ileal 
loop,  and  barium  was  placed  in  the  colon  from  a  height  of  twenty-eight 
inches.  Barium  was  seen  to  rapidly  fill  the  colon.  The  distal  part 
of  the  ileal  loop  between  the  valve  and  anastomosis  was  next  to  fill. 
After  some  pause  barium  was  seen  to  outline  the  valve  showing  the 
"apple-core"  effect,  and  a  small  amount  passed  into  the  ileal  loop. 

(4)  Dog  #6  -  20th  postoperative  day  -  cine  barium  enema.  The 
Foley  catheter  was  seen  in  the  splenic  flexure  of  the  colon.  The 
balloon  was  deflated,  and  during  peristalsis  the  colon  was  scanned. 

No  reflux  of  barium  into  the  ileal  loop  was  seen. 

This  procedure  was  repeated,  and  a  record  of  the  filling  of  the 
transverse  and  ascending  colon  was  filmed.  The  catheter  was  removed, 
and  a  large  bolus  of  barium  entered  the  descending  colon.  Barium 
was  noted  to  reflux  only  into  the  ileal  loop  segment  between  the 
Spivack  valve  and  colonic  anastomosis.  There  was  no  reflux  beyond 
the  valve.  The  segment  of  ileal  loop  beyond  the  valve  was  longer  in 
the  animal,  being  approximately  3-3-2  cm.  long.  The  refluxed  barium 
into  this  segment  was  passed  out  as  peristalsis  of  the  colon  emptied 
the  barium. 

'The  procedure  was  again  repeated  three  more  times.  Barium  again 
refluxed  into  the  distal  end  of  the  ileal  loop;  however,  it  did  not 
pass  beyond  the  valve. 

(5)  Dog  #5  -  6-y  months  post  operatively  -  cine  intravenous 
pyelogram.  The  right  renal  pelvis  was  filled  with  contrast  material., 


24 


and  the  peristalsis  of  the  ureter  was  noted  to  propel  the  contrast 
material.  The  ileal  loop  was  filled,  and  churning  and  propulsive 
peristalsis  was  recorded.  Contrast  material  was  seen  passing  through 
the  valve  and  into  the  colon. 

(6)  Dog  #5  -  6-|-  months  postoperatively  -  cine  barium  enema. 

(See  figure  #19 ,  page  51  of  Appendix).  The  transverse  and  ascending 
colon  were  filled  with  barium  by  a  Foley  catheter  placed  and  inflated 
at  the  splenic  flexure.  Barium  was  seen  to  pass  by  the  ileal  loop 
without  reflux. 

This  step  was  repeated  five  times  without  reflux  into  the  ileal 

loop. 

(7)  Dog  #1  -  12th  postoperative  day  -  intravenous  pyelogram. 
(See  figures  #9  and  #10,  pages  42  and  43  of  Appendix).  The  one  and 
three  minute  films  show  normal  and  equal  uptake  of  the  contrast 
material.  By  six  minutes  the  contrast  material  filled  the  ileal 
loop.  The  right  ureter  could  be  traced  throughout  its  length  and 
appeared  normal.  The  left  ureter  was  seen  crossing  the  midline  at 
L2.  There  were  no  signs  of  hydronephrosis.  Contrast  material  was 
visible  in  the  colon  as  shown  on  the  twenty  minute  film.  The  Spivack 
valve  was  well  visualized. 

(8)  Dog  #  1  -  25th  postoperative  day  -  barium  enema.  (See 
figure  #11,  page  43  of  Appendix).  The  Foley  catheter  was  in  the 
rectum  below  the  ileal  loop.  Barium  was  seen  refluxed  into  the  ileal 
loop  and  up  both  ureters. 
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(9)  Dog  #6  -  5th  postoperative  day  -  intravenous  pyelogram. 

(See  figure  #12,  page  44  of  Appendix).  Both  the  right  and  left  renal 
pelves  were  dilated  with  blunting  of  the  calices.  Both  ureters  were 
quite  tortuous.  The  ileal  loop  was  seen  to  fill,  and  contrast  material 
was  passed  into  the  colon.  The  valve  was  well  visualized. 

(10)  Dog  #5  -  20th  postoperative  day  -  intravenous  pyelogram. 

(See  figure  #13,  page  44  of  Appendix).  Both  kidneys  appeared  normal 
and  had  equal  contrast  material  excretion.  There  were  no  signs  of 
hydronephrosis.  The  ileal  loop  filled,  and  both  ureters  could  be 
traced  to  the  loop.  The  valve  was  outlined  as  the  dye  passed  on  to 
the  colon. 

(n)  Dog  #5  -  6|r  months  postoperatively  -  intravenous  pyelogram. 

(See  figures  l4,  15,  and  l6,  pages  45  and  46  of  Appendix).  As  shown 
in  the  three  minute  film,  contrast  material  appeared  in  the  right 
kidney  and  ureter  and  was  present  in  the  ileal  loop.  There  were  no 
signs  of  hydronephrosis  on  the  right  side.  There  was  delayed  uptake 
by  the  left  kidney  which  is  first  visualized  on  the  twenty  minute 
film.  The  left  kidney  was  enlarged,  and  the  pelvis  was  moderately 
dilated. 

On  a  lateral  film  the  ileal  loop  and  valve  were  well  outlined. 

(12)  Dog  #5  -  6-|  months  postoperatively  -  barium  enema.  (See 
figures  #17,  18,  page  47  of  Appendix).  A  series  of  films  were  taken 
to  reproduce  in  this  paper.  The  first  shows  filling  of  the  colon  by  the 
Foley  catheter .  The  second  shows  deflation  of  the  balloon  with  the 
descending  colon  filled.  The  third  shows  evacuation  of  the  colon  without 
barium  refluxing  into  the  ileal  loop. 


. 
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DISCUSSION 


Electrolyte  Imbalance 

The  three  major  complications  of  ureterosigmoidostomy  are  the 

following:  (l)  obstruction  with  hydronephrosis  from  stricture 

formation,  (2)  pyelonephritis  from  fecal  contamination,  and  (3) 

metabolic  imbalance.  Hyperchloremic  acidosis  secondary  to  uretero- 
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sigmoidostomy  was  first  described  by  Boyd  in  1931.  The  electrolyte 

pattern  of  the  blood  after  bilateral  ureterosigmoidostomy  was  described 
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by  Ferris  and  Odel  in  1950  from  a  series  of  141  patients  vrho  had 
undergone  bilateral  ureterosigmoidostomy  at  the  Mayo  Clinic  since  1939* 

Of  this  group  79 °1°  had  hyperchloremia  with  plasma  chloride  levels 
ranging  from  103  to  131  milliequivalents  per  liter,  and  in  80°/>  acidosis 
developed  with  bicarbonate  levels  in  the  plasma  ranging  between  6  and 
23  milliequivalents  per  liter.  They  felt  that  there  was  some  evidence 
that  the  hyperchloremic  acidosis  occurred  as  a  result  of  absorption  of 
chloride  across  the  rectal  mucosa  from  urine  stored  in  the  rectum  and 
sigmoid.  The  hyperchloremic  acidosis  was  accompanied  by  a  characteristic 
syndrome:  fatigability,  weakness,  anorexia,  loss  of  weight,  salty  taste, 
nausea  and  vomiting,  nitrogen  retention,  polydipsia,  diarrhea,  and 
polyuria.  Management  of  these  patients  with  low  chloride  diet  augmented 
by  supplementary  doses  of  sodium  bicarbonate  seemed  to  improve  the 
metabolic  imbalance. 

Several  theories  arose  concerning  the  occurrence  of  hyperchloremic 
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acidosis.  Ferris  and  Odel  had  confirmed  Jewett’s  impression  in 


. 
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1940  that  acidosis  was  secondary  to  absorption  of  chloride.  Boyce 
25 

and  Vest  in  1952  postulated  that  urea  splitting  organisms 

liberated  ammonia  and  chloride  which  were  both  absorbed  by  the  colon. 

Lapides^  in  1951  suggested  that  subsequent  renal  damage  from 

infection  or  obstruction  was  responsible  for  the  hyperchloremic 

acidosis.  He  showed  that  in  subjects  with  normal  renal  function 
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urine  enemas  did  not  develop  acidosis.  Korenberg  noted  that 
patients  with  ureterosigmoidostomy  displayed  symptoms  associated  with 
sodium  chloride  retention  and  postulated  that  reabsorption  of  sodium 
chloride  from  the  colon  produced  cellular  dehydration  with  increased 
potassium  loss.  According  to  the  Donnan  membrane  concepts,  the 
potassium  that  was  lost  from  the  cells  was  replaced  by  sodium.  The 
chloride  remained  extracellular  and  caused  a  decrease  in  the 
bicarbonate  ion. 
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In  1956  Stanley  ,  after  using  radioactive  isotopes,  showed  that 
the  chloride  uptake  from  the  rectum  was  only  slightly  greater  than 
the  sodium  uptake,  yet  the  higher  chloride  over  sodium  levels  in  the 
serum  was  very  striking.  The  sodium  ion  was  distributed  throughout 
the  cellular  and  extracellular  space  while  the  chloride  remained 
extracellular.  Why  did  some  individuals  develop  hyperchloremic 
acidosis  much  later  than  others?  Why  did  many  patients  have  hyper¬ 
chloremia,  but  no  acidosis?  Stamey  repeated  Lapides  experiment 
giving  urine  enemas  to  patients  with  normal  renal  function.  His 
conclusions  were  as  follows:  (l)  it  is  possible  to  produce  hyper¬ 
chloremic  acidosis  with  urine  enemas,  (2)  a  mild  hyperchloremic 
acidosis  was  produced  in  three  days,  but  twelve  days  are  required  for 
more  marked  acidosis,  (3)  the  bicarbonate  combining  power  does  not 


reflect  the  rise  in  chloride  mEq.  per  mEq.,  (4)  dietary  factors  partly 
explain  the  wide  variation  in  the  degree  of  hyperchloremic  acidosis, 

(5)  there  is  a  persistent  elevation  of  the  NPN  and  BUN  with  urine 
enemas,  (6)  the  suggestion,  that  urea  breakdown  by  urease-producing 
bacteria  in  the  colon  might  account  for  chloride  reabsorption  as 
ammonium  chloride,  is  probably  over  emphasized  since  urease  was  added 
to  the  urine  enemas  with  no  significant  rise  in  serum  chloride,  and 
(7)  upon  discontinuing  the  urine  enemas,  the  serum  electrolytes 
returned  to  normal. 

Hayward  et  al^9  in  196 1  pointed  out  the  significant  depletion  of 
body  potassium  which  may  occur  in  four  ways:  (l)  the  mobilization 
and  excretion  of  potassium  caused  by  the  continuous  entry  into  the 
blood  stream  of  sodium  chloride  absorbed  from  the  colon,  (2)  renal 
insufficiency  with  resulting  loss  of  potassium  by  the  kidney,  (3) 
acidosis  with  renal  loss  of  potassium,  and  (4)  continuous  irritation 
of  the  colonic  mucosa  with  loss  of  potassium-rich  secretions  per 
rectum. 

Although  the  pathogenesis  and  implications  of  hyperchloremic 
acidosis  were  not  the  prime  interests  in  this  present  study,  some 
insight  was  gained  into  this  problem.  The  hyperchloremic  acidosis 
occurred  in  two  phases.  The  first  phase  is  the  immediate  postoperative 
period.  This  acidosis  was  probably  due  to  poor  renal  function 
secondary  to  moderate  obstruction.  As  Table  1  shows,  this  imbalance 
was  managed  with  additional  sodium  bicarbonate  given  IV.  Was  this 
temporary  imbalance  serious  enough  to  delay  recovery?  Since  it  was 
felt  that  the  temporary  drainage  of  urine  by  bilateral  catheters  was 
more  hazardous  than  helpful,  there  was  a  partial  obstruction.  The 

obvious  solution  to  this  problem  was  a  two- stage  operation, 
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transplanting  one  ureter  at  a  time;  the  improvement  of  postoperative 
recovery  by  this  method  must  be  weighed  against  the  increased  risk  of 

two  operations. 
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Ferris  describes  improvement  m  the  hyperchloremic  acidosis  by 
the  insertion  of  a  rectal  tube  which  allows  the  urine  to  drain  from 
the  rectum,  preventing  continuous  contact  with  the  colonic  mucosa. 

The  hyperchloremic  acidosis  was  noted  to  increase  in  the  dogs  of  the 
present  study  if  they  remained  constantly  in  their  pens.  The  animals 
retained  the  urine  as  long  as  possible  in  order  to  avoid  defacating  in 
the  pen.  In  Dog  #5,  the  long  term  animal,  the  chloride  was  noted  to 
be  119  mEq./L.  This  elevated  value  should  not  be  blamed  on  only 
absorption  of  chloride  from  the  ileal  loop  and  colon.  There  was  a 
moderate  degree  of  hydronephrosis  of  the  left  kidney,  which  could 
account  for  some  of  the  elevation. 

There  are  several  interesting  concepts  which  may  eliminate  the 
whole  problem  of  reabsorption  of  urine  by  either  ileal  or  colonic 
mucosa.  Blandy^  described  a  method  of  replacing  the  mucosa  of  ileum 
or  colon  with  urinary  bladder  mucosa  or  "urothelium."  Urothelium  is 
waterproof  and  quickly  covers  a  large  surface  when  transplanted.  If 
the  submucosa  and  mucosa  are  separated  from  the  overlying  muscularis 
layer  and  then  urothelium  transplanted  onto  the  muscularis,  it 
migrates  over  the  entire  area,  making  it  waterproof.  Also  radiation 
is  known  to  destroy  the  mucosa  layer  selectively. 

Dynamics  of  Ureteroileosigmoidostomy 

Campbell  et  al-^  studied  the  emptying  mechanism  of  Bricker’s 
ileal  loop  which  had  a  mucosa- to -mucosa  ureteral  transplant  to  the 
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ileum.  He  used  cine  fluorographic  techniques  with  Renografin-60. 
Thirty-five  patients  were  studied  by  placing  a  Foley  catheter  just 
inside  the  ileal  stoma  and  infusing  Renografin-60  in  sufficient  amount 
to  produce  bilateral  ureteral  reflux.  The  patient  was  then  viewed  in 
the  erect  position.  He  reports  a  consistent  finding  in  cases  in  which 
peristalsis  was  observed  with  a  complete  lack  of  coordination  between 
contraction  of  the  ureters  and  of  the  conduit.  Sixty-eight  percent 
of  the  patients'  conduit  activity  consisted  of  churning,  segmental, 
non-propuls ive  movements.  Reflux  from  the  conduit  into  the  ureters 
occurred  so  frequently  as  to  be  regarded  as  normal.  Cultures  of 
urine  in  conduits  grew  Esch.  Coli,  Proteus,  or  Aerobacter  in  70 °jo  of 
patients.  He  concluded  that  the  continued  presence  of  reflux,  incomplete 
emptying,  and  infection  could  result  in  further  renal  damage  because  of 
low-grade  pyelonephritis . 

In  the  cine  fluorographic  studies  presently  done,  active, 
propulsive  peristalsis  in  the  ileal  loop  was  recorded.  The  terminal 
ileum  is  the  best  segment  of  small  bowel  to  use  since  good  blood 
supply  can  be  kept.  It  has  since  been  brought  to  the  attention  of 
the  author  that  the  completely  distal  segment  of  the  terminal  ileum  is 
most  important  for  reaborption  of  various  foods  and  minerals;  therefore, 
the  extreme  distal  segment  of  the  terminal  ileum  should  not  be  used  to 
construct  the  ileal  loop. 

The  ureteroileosigmoidostomy  had  several  mechanisms  to  prevent 
reflux  of  colonic  material  into  the  ureters,  including  the  following: 

(l)  the  end- to- side  anastomosis  of  ileum  to  colon  (this  stoma  tightens 
together  during  large  intestine  contraction),  (2)  the  isoperistaltic 
segment  of  ileal  loop  between  the  colonic  anastomosis  and  Spivack 
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valve,  (3)  the  Spivack  valve,  (4)  the  isoperistaltic  segment  of  ileal 
loop  distal  to  the  Spivack  valve,  (5)  the  nipple-like  protrusion  of 
the  ureters  into  the  lumen  of  the  ileal  loop,  and  (6)  peristaltic 
action  of  the  ureters. 

The  size  of  the  Spivack  valve  appears  to  be  very  important.  In 
Dog  #6  the  large  valve  prevented  colonic  reflux  both  during  peristalsis 
and  during  retrograde  filling  of  the  rectum  and  descending  colon. 
Additional  studies  should  be  performed  to  record  actual  pressure  valves 
in  the  colon  and  distal  to  Spivack  valve  during  retrograde  filling  of 
the  colon.  The  pressure  can  be  calculated  if  one  knows  the  height  of 
the  barium  column  and  the  density  of  the  barium-water  mixture.  The 
height  of  the  barium  column  was  recorded  during  several  of  the  barium 
enemas.  After  the  final  barium  enema  on  Dog  #5,  the  barium- water 
mixture  was  analyzed  and  found  to  be  1.65  times  heavier  than  water. 
Reflux  was  noted  to  occur  at  a  height  of  15  cm.  This  would  be  a 
pressure  of  approximately  25  cm.  of  water.  On  dog  #6  the  barium  enema 
done  on  the  twentieth  postoperative  day  showed  no  reflux  with  the 
barium  column  at  a  height  of  28  cm.  This  would  produce  a  pressure  of 
approximately  46  cm.  of  water.  It  must  be  remembered  that  this  dog 
had  bilateral  hydronephrosis  at  this  time  and  that  possibly  there  is 
a  limit  to  the  size  of  the  valve  that  will  allow  free  flow  of  urine. 

Long  Term  Follow-ups 

Keeping  in  mind  that  a  larger  series  of  animals  and  a  longer 
follow-up  would  be  the  next  step  in  this  study,  some  preliminary 
facts  can  be  drawn  from  the  follow-up  of  Dog  #5.  First,  the  serum 
electrolyte  studies  taken  six  and  one-half  months  postoperatively 


.  ' 

.  '•  : 


32 


showed  a  chloride  of  119  mEq./L.,  and  the  bicarbonate  was  8.6 
millimoles/L.  The  normal  value  and  range  for  dogs  as  determined  by 
Hayward  et  al^  for  chloride  was  110  (107.1-113-6)  mEq./L.,  and 
bicarbonate  was  25.47  (23.55-27.67)  millimoles/L.  The  blood  sample, 
therefore,  shows  only  minimal  hyperchloremic  acidosis  with  the  animal 
on  a  normal  diet.  If  sodium  chloride  had  been  restricted,  and  sodium 
bicarbonate  supplements  added,  the  hyperchloremic  acidosis  could  have 
well  been  controlled.  The  elevated  BUN  of  44  mgm/lOO  ml  does  not 
reflect  decreased  renal  function  because  urea  is  absorbed  from  the 
colonic  mucosa.  The  normal  average  and  range  reported  by  Hayward 
et  al  was  26  (14.2-36.9).  The  serum  creatinine  better  reflects  renal 
function  since  it  is  not  known  to  be  reabsorbed  by  the  colon.  The 
serum  creatinine  after  six  and  one-half  months  was  found  to  be  1.00 
mgm/lOO  ml  which  is  within  the  normal  range.  Since  a  decreased 
function  of  the  left  kidney  was  noted  on  IVP,  this  normal  creatinine 
is  somewhat  surprising.  At  autopsy  Dog  #5  was  found  to  have  a  normal 
right  kidney  and  collecting  system.  A  urine  sample  collected  from  the 
right  pelvis  was  sterile.  The  left  kidney  was  hydronephrotic  with 
1.2  cm.  of  cortex  remaining.  The  ureter  was  also  hydronephrotic  to 
the  anastomosis  with  the  ileum.  Also,  three  strictures  were  found 
throughout  the  length  of  the  ureter.  Urine  samples  from  the  left 
kidney  pelvis  cultured  proteus .  The  stoma  of  the  ureter  entering  the 
ileum  was  freely  patent  as  probed  with  a  small  P.E.  catheter.  There¬ 
fore,  one  must  attribute  the  hydronephrosis  to  stricture  formation 
along  the  ureter  secondary  to  chronic  pyelonephritis .  Why  did  one 
kidney  become  infected  and  not  the  other  when  both  ureteral- ileal 
anastomosis  looked  the  same?  That  is  a  difficult  question  to  answer; 
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however,  it  is  possible  that  kinking  of  the  left  ureter  occurred, 
producing  increased  renal  pressure  and  urine  stasis.  Both  ureters 
were  trimmed  to  the  same  length  before  anastomosis  to  the  ileum,  and 
since  the  loop  was  positioned  on  the  left  side  of  the  peritoneal 
cavity,  the  left  ureter  had  less  distance  to  reach  the  loop.  This 
excess  length  of  the  left  ureter  should  be  trimmed  away  to  prevent 
kinking . 
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SUMMARY  AND  CONCLUSIONS 

A  technique  of  ureteroileosigmoidostomy  was  experimentally 
developed  using  six  dogs  and  one  monkey.  A  description  of  the 
progressive  changes  in  technique  and  discussion  of  the  reasons  for 
changes  is  included  for  each  operation.  The  basic  construction 
consisted  of  (l)  transplantation  of  ureters  into  an  isolated  segment 
of  terminal  ileum  forming  an  "ileal  loop,"  (2)  anastomosis  of  the 
ileal  loop  to  the  colon,  and  (3)  creation  of  a  valvular  mechanism 
in  the  ileal  loop  to  prevent  reflux  of  colonic  material  into  the 
loop . 

Three  of  the  animals  lived  thirty-nine  days,  six  and  one-half 
months,  and  four  months  respectively.  The  BUN,  serum  creatinine,  and 
osmolarity  were  used  to  follow  renal  function.  Electrolyte  imbalance 
secondary  to  urine  reabsorption  from  the  ileal  loop  and  colon  was 
followed  with  frequent  serum  electrolytes .  The  problem  of  hyper¬ 
chloremic  acidosis  often  accompanying  ureterosigmoidostomy  did  not 
appear  to  be  significant  in  this  study.  The  dynamics  of  the 
ureteroileosigmoidostomy  were  studied  with  cine  radiological 
intravenous  pyelograms  and  barium  enemas.  In  the  perfected  cases, 
the  valvular  mechanism  between  the  colon  and  ileal  loop  did  prevent 
reflux  of  barium  into  the  loop  during  colonic  peristalsis.  A 
preliminary  study  calculating  colonic  pressure  versus  barium  reflux 


is  described. 
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A  larger  series  and  longer  observation  period  are  now  necessary 
to  make  a  well-founded  judgement.  The  present  study  does,  however, 
offer  both  a  theoretical  and  practical  method  for  eliminating  the 
drawbacks  of  ureteroileosigmoidostomy,  namely  obstruction  due  to 
stricture  formation  and  pyelonephritis  secondary  to  fecal  contamination 
of  the  urine . 


APPENDIX 
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Laboratory  Values  from  Hayward  et  a.1 
Constituents 
Blood  urea,  mgm/lOO  ml. 

Serum  chloride  mEq./l. 

Serum  bicarbonate  millimoles/l. 

Serum  potassium 


Normal  average  and  range 

26.8  (i4.2)-36.9) 
110  (107.1-113-6) 
25-5  (23.5-27.7) 

4.7  (4. 2-5. 2) 
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Figure  #1  -  reprint  from  Markowitz  ~ 

End-to-end  anastomosis  of  ileum.  A  mucosa-to-mucosa  anastomosis 


using  a  continuous  Connell  suture. 


38 


/  21 
Figure  #2  -  reprint  from  Markowitz 

End-to-end  anastomosis.  Reinforcing  row  of  interrupted  Lambert 


sutures . 
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Fig.  2 


Figure  #3 


reprint  from  Houtappel 
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Ureteral- intestinal  anastomosis . 


Preparation  of  ureter  for  transplantation. 
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Figure  #5  -  reprint  from  Markowitz 
Transplantation  of  ureters . 


Figure  jft  -  reprint  from  Shackelford33 

Tubular  gastrostomy.  A  and.  B  -  Spivack’s  valvular  modification 
of  Janeway- Depage  operation.  C  and.  D  -  Partipilo's  method  of  forming 


a  Spivack  valve. 
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Figure  #7  -  reprint  from  Markowitz 
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End-to-side  anastomosis.  Mucosa-to-mucosa  anastomosis  using 
a  continuous  Connell  suture. 


Figure  #o 

Ureteroileosigmoid.ostomy  showing  completed  end-to-end  anastomosis 
of  terminal  ileum,  transplanted  ureters,  ileal  loop  with  temporary 
ileostomy,  and.  end-to-side  ileal-colonic  anastomosis  using  a  ’'nipple11 


for  a  valve  as  described  by  Houtappel. 
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Figure  #9  -  Dog  #1  -  12th  postoperative  day  -  intravenous  pyelogram 
This  forty  minute  film  shows  normal  renal  size  and  contrast 
material  concentration.  Both  ureters  can  be  seen  emptying  into  the 
distal  end.  of  the  ileal  loop.  Note  the  ilea.1  loop  and  the  sharp 
cut-off  of  contrast  material  where  the  Spivack  valve  is  located. 
Contrast  material  is  also  seen  in  the  colon  and  rectum  by  this  time. 


Figure  #10  -  Dog  #1  -  12th  postoperative  day  -  intravenous  pyelogram 


This  film  was  mad.e  by  injecting  Renografin  60  into  the  Foley 
catheter  which  was  placed,  in  the  temporary  ileostomy.  Note  the 
arrow  pointing  to  the  lack  of  contrast  material  in  part  of  the 
segment  of  the  ileal  loop.  This  is  the  Spivack  valve. 


Figure  #11  -  Dog  #1  -  25th  postoperative  day  -  barium  enema 

The  Foley  catheter  is  seen  in  the  rectum.  Note  the  barium  in 
the  colon,  ileal  loop,  and.  refluxing  up  both  ureters. 
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Figure  #12  -  Dog  #6  -  5th  postoperative  day  -  intravenous  pyelogram 


Hydronephrosis  of  both  kidneys  and.  collecting  systems  is  seen. 


Figure  #13  -  Dog  #5  -  20th  postoperative  day  -  intravenous  pyelogram 
There  is  no  hydronephrosis  of  either  kidney.  Note  the  sharp 
angulation  in  the  right  ureter  as  it  passes  through  the  mesocolon. 
The  arrow  is  pointing  to  the  va.lve  with  the  "apple  core"  effect. 

Note  the  length  of  ileum  distal  to  the  loop  entering  the  colon. 


Figure  f/l4  -  Dog  #5  -  6-g-  months  postoperative  -  intravenous  pyelogram 


The  right  kidney  and  collecting  system  is  seen  to  be  within 
normal  limits . 


Figure  #15  -  same  as  # l4 

The  hyaronephrotic  right  kidney  is  seen  filled  with  contrast 


material. 
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Figure  #l6  -  same  as  #l4 

Lateral  view  showing  right  ureter,  ileal  loop,  and  Spivack's 
valve  with  arrow.  Again  the  "apple-core”  effect  is  seen. 


Figure  #'17  -  Dog  # 5  -  6-g-  months  postoperative  -  barium  enema 

The  Foley  catheter  is  inflated  at  the  splenic  flexure  and  barium 
is  distending  the  transverse  and  ascending  colon.  Renographin  60  is 
present  in  the  ileal  loop. 


Figure  #18  -  same  as  #17 

The  Foley  catheter  was  deflated  and  removed.  The  barium  has 
passed,  by  the  ileal  loop  and  into  the  rectum  without  reflux;.  The 
arrow  is  on  Spivack's  valve.  The  ileum  between  the  valve  and  colon 


contains  a  small  amount  of  barium. 
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POST-OP 

DAY 

No  + 

cr 

K  + 

n 

ro 

O 

O 

BUN 

SERUM 
OSMOLARIT  Y 

CREATININE 

WEIGHT  (kg) 

DOG  #  2 

3 

137 

104 

4.1 

15.7 

64 

14.5 

6 

135 

78 

3.9 

3  17 

1.50 

13.  1 

DOG  #  3 

0 

160 

109 

4.0 

20.2 

21 

19.8 

2 

149 

95 

5.2 

28.4 

3  1  1 

1.24 

19.2 

3 

1465 

95 

4.3 

24.0 

30  1 

1.  10 

18.8 

DOG  #  4 

1 

145 

MO 

4.8 

22.3 

295.  1 

1.  18 

13.5 

2 

147 

1  1  0 

4.6 

23.5 

30  3.  1 

1.24 

13.4 

DOG  #  6 

5 

152 

123 

4.7 

!  7.5 

35 

3  1  3.7 

1.28 

17.3 

29 

142 

1  17 

4.4 

341 

1.60 

17.0 

40 

149 

1  1  5 

4.4 

13.1 

69 

330 

1.52 

16.9 

Table  #1 


Laboratory  studies  postoperatively  for  Dogs  #2,  3?  4,  and.  6. 
Note  in  Dog  #6  the  acidosis  present  and  slightly  elevated  serum 


creatinine . 
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Graph  #1 


A  summary  of  laboratory  data  of  Dog  #1. 
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DOG  # 5  | 
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K ---  Na+ — 
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10 

0 


cr— 


DAYS  (POST-OP) 


Graph  #2 


A  summary  of  laboratory  data  of  Dog  #5. 
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Figure  #19  -  Dog  # 5  -  6|r  months  postoperatively-cine  barium  enema 
Sequence  of  frames  taken  from  movie  showing  barium  and  air 
bubbles  moving  by  ileal  loop  without  regurgitation.  Arrow  is  point¬ 
ing  to  ileal  loop-colonic  anastomosis. 


t 


BIBLIOGRAPHY 


Ballenger,  S.G. ,  Frontz,  W.A. ,  Hamer,  H.G.,  and  Levis,  B. , 
History  of  Urology,  Volume  1,  121,  Baltimore;  Williams  and 
Wilkins,  1933* 

Simon.  Quoted  by  Bovee,  J.W. ,  Annals  of  Surgery,  1900,  32; 
165-193*  quoted  by  Runner,  G.L. ,  American  Gynecology,  l?56l, 
1902. 

Simon,  J. , "Ectropia  Vesicae,"  Lancet,  2:563-570,  1852. 

Bovee,  J.W,,  "A  critical  survey  of  ureteral  implantation,” 
r.nnaiw  cf  Surgery,  32 •  165,  1900. 

Ballenger,  E.G. ,  Frontz,  W.A. ,  Hamer,  H,G.,  and  Lewis, B. , 
History  of  Uroloyy,  Volume  2,  Baltimore;  Wiliams  and  Wilkins, 

1933. 


Hinman,  F,  and  Weyrauch,  H.M. ,  "  A  critical  study  of  the 
different  principles  of  surgery  which  have  been  used  in  uretero- 
intestinal  implantation, "Transo ctlons  “  the  American  sscciation 
of  Genito-unina ry  Surgeons, 29 ;lo,  1936. 


Pozzi,  S, , "Ureterverletzon  bei  lopasotomie, ”  Zentralbl.  f. 

Gynak. ,  1893. 

Marshall,  V, F» ,  "Transplantation  of  the  Ureters  and  Total 
Cystectomy,”  Journal  of  Urology,  58; 244-249,  October,  19^7. 

Hinman,  F.  and  Weyrauch,  H.M. ,  "A  critical  study  of  the  different 
principles  of  surgery  which  have  been  used  in  uretero -intestir  1 
n,  "Transactions  of  the  American  Associatlo 
I  eni  to  -urinary  Surgeons  ♦  29  5 17 ,  193'"® 


Hinman,  F.  and  Weyrauch,  H.M. ,  "A  critical  study  of  the 
different  principles  of  surgery  which  have  been  used  in  ureter o- 
intestinal  implantation,  "Trans-  cth  •was  o f  the  American  Assocls tion 
of  Genito-urinary  Surgeons,  29;33-lo6,  1936, 

Smith,  T. ,  Quoted  by  Hunner,  American  Gynecology,  1; 5611902* 

Ballenger,  E.G. ,  Frontz,  W.A. ,  Hamer,  H.G, ,  and  Lewis, B. , 

History  of  Urology,  Volume  2,  Baltimore;  Williams  and  ilkins, 

1933. 


Hinman,  F.  and  Weyrauch,  H.M. ,  "A  critical  study  of  the  different 
principles  of  surgery  which  have  been  used  in  uretero-intestinal 

t  '  on,”  Trans  a  eta  -wm  of  t1  v  l _ 3  ;  ow:  issociation  of 

Geni  to  -urinary  Surge  .sons ,  29;19>  1936. 


53 


14.  Leadbetter,  , ’’Consideration  of  problems  incident  to  performance 
of  ureteroenterostomy:  reoort  of  a  technique,”  Journal  of  Uroloay, 

65; 818,  1951. 

15.  Morris,  J.McL.  and  Keggi,  K.  J. ,  '"Clinical  and  cineradiographic 
evaluation  of  the  Mat hi sen  ureterosigmoidostomy, ”  Surgery 
Gynecology  and  Obstetrics,  112:  481,  1961, 

16.  Bricker,  E.M. ,  "Bladder  substitution  after  pelvic  evisceration," 

The  Surgical  Clinics  of  North  America,  38:1511-1521,  1958* 

17.  Turriball,  R.B. ,  and  Higgins,  C.C, , "Ileal  valve  pouch  for  urinary 
tract  diversion:  preliminary  reoort  of  eight  cases,"  Cleveland 
Clinic  Quarterly,,  24:187,1957. 

18.  Houtappel,  H.C.E.M.,  "Experience  with  uretero-ileosigraoidostomy, " 
British  Journal  of  Urology, 35:277-283,  1963. 

19.  Kaufman,  J.J.,  Patrick,  J.M. ,  Mayvell,  M.H. ,  "Urinary  Blockade 
after  bilateral  catheterization,"  Mew  Engl. and  Jourm  1  of  Medicine, 
275:412-416,  August  25,  1966. 

20.  Houtappel,  H.C.E.M. ,  "Experience  with  uretero-ileosigmoidostomy , ” 
British  Journal  of  Urology, 35:  278,  1963. 

21.  Markowitz,  J, ,  Archibald,  J.  ?  Downie,  H.G.,  Experimental  Surgery, 

The  Williams  and  Wilkins  Company:  Baltimore,  1964. 

22.  Hayes,  M.A. ,  Williamson,  R.J.,  Heidenreieh,  W.F. ,  "Endocrine 
mechanisms  involved  in  water  and  sodium  metabolism  during 
operation  and  convalescence,"  Surgery ,  41:372,  March,  1957. 

23.  Boyd,  J.D. ,  "Chronic  acidosis  secondary  to  ureteral  transplantation,” 
American  Journal  of  Diseases  in  Children,  42: 366,  1931. 

24.  Jewett,  H. ,  "Ureterointestinal  Implantation,"  Journal  of 
Urology,  44:223,  1940. 

25.  Boyce,  V.H.  and  Vest,  S.A. ,  "Role  of  ammonia  reabsorption  in 
acid-base  imbalance  following  ureterosigmoidostomy,"  Jour.  1 
of  Urology ,  67:  169,  1952. 

26.  Lapides,  J. ,  "Mechanism  of  die ct roly te  imbalance  following 

idosi  '  '  .  ~  ~  ~  ~  "  ■  .  &  Obstetrics, 

691,  1951. 

27.  Korenberg,  M. ,  "The  electrolyte  disturbance  in  ureterosigmoid¬ 
ostomy,"  Journal  of  Urology ,  66?  686,  1951. 


54 


28,  Stamey,  T.A. ,  "The  pathogenesis  and  implications  of  the  electrolyte 
imbalance  in  uretero-sigmoidostomy,"  Surgery,  Gynecology  & 
Obstetrics,  103?  736-758,  1956. 

29,  Hayward,  R.H.,  Wakim,  K.G.,  ReMine,  W.H. ,  Grindlay,  J.H. , 

"An  experimental  study  of  the  role  of  the  colonic  mucosa  in 

' . 3  01  ■  ;  cid  _  •  :  Gynecology  &  Ctrl- tv'  c-  . 

112:  357-365,  March,  1961. 

30,  Ferris,  D.O.,  Odel,  H.M. ,  "Electrolyte  pattern  of  the  blood 
after  bilateral  ureterosigmoidostomy,"  J ournal  of  th  America 
Medical  Association,  142:  634-640,  March  . 4,  1950. 

31,  Blandy,  J.P, ,  "The  feasibility  of  preparing  an  ideal  substitute 
for  the  urinary  bladder,"  Annals  of  the  Royal  College 
Surgeons ,  35"  287-311,  November,  1964. 

32,  Campbell,  J.E. ,  Oliver,  J. A. ,  McKay,  D.E. ,  "Eynamics  of  ileal 
conduits,"  Radiology,  85038-342,  August,  1965. 

33*  Shackelford,  R.T.,  Surgery  of  the  Alimentary  Tract,  Philadelphia: 
Saunders,  Volume  2,  1955* 


YALE  MEDICAL  LIBRARY 


Manuscript  Theses 


Unpublished  theses  submitted  for  the  Master's  and  Doctor's  degrees  and 
deposited  in  the  Yale  Medical  Library  are  to  be  used  only  with  due  regard  to  the 
rights  of  the  authors.  Bibliographical  references  may  be  noted,  but  passages 
must  not  be  copied  without  permission  of  the  authors,  and  without  proper  credit 
being  given  in  subsequent  written  or  published  work. 

This  thesis  by  has  been 

used  by  the  following  persons,  whose  signatures  attest  their  acceptance  of  the 
above  restrictions. 


NAME  AND  ADDRESS 


DATE 


